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24.11 PHASE-AMBIGUITY RESOLUTION FOR QPSK/OQPSK MODULATION

The CCSDS,
considering
(a) that resolution of phase ambiguities in the earth station's receiver is an inherent problem with

(b) that eeding-bit mapping conventions for QPSK systems are unambiguously defined in CCSDS

(de)  that the phase-ambiguity can be resolved by using the techniques listed in Figure 2.4.11-1;

(ef)  that the several methods for resolving the phase ambiguity depicted in Figure 2.4.11-1 are
evaluated in Table 2.4.11-2;

synchronization (sync) markers for framed data transmission;

(gh)  that any of the four possible phase states result in an unambiguously identifiable unique word
pattern according to Table 2.4.11-1 which can be used to resolve the phase ambiguity;

(ki)  that the sync markers already existing in the framed data transmission can be used as the unique
words for resolving the phase ambiguity;

@ that_even though a_ single convolutional encoder can be used prior to the I/Q split in_the
transmitter, there is a penalty (in terms of higher Ep/No) to allowing the single decoder to resolve
the phase ambiguity;

recommends

(D i —that, if the capability exists in the ground stations, sync

NOTE:

1 Such systems employ a single, serial data stream and the channel bit mapping ambiguity is resolved in accordance with CCSDS
Recommendation 401 (2.4.10) B-1.
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24.11 PHASE-AMBIGUITY RESOLUTION FOR QPSK/OQPSK MODULATION I

UNCODED—QPSK CODED—QPSK
SYSTEM SYSTEM
DIFFERENTIAL UNIQUE-WORD DIFFERENTIAL NON-DIFFERENTIAL
COBING DETECTION COBING COBING
TECHNIQUE TECHNIQUE TECHNIQUE TECHNIQUE
—
|
DIFFERENTIAL DIFFERENTIAL THRESHOLD UNIQUEWORD
INSIDEFEC OUTSIDE DECODER DETECTION
COBEC COBEC TECHNIQUE TECHNIQUE
(O)QPSK SYSTEMS
[
[ |
UNCODED CODED
SYSTEMS SYSTEMS
[ [
[ | [ |
DIFFERENTIAL UNIQUE WORD DIFFERENTIAL NON-DIFFERENTIAL
DATA DETECTION DATA DATA
FORMAT TECHNIQUE FORMAT FORMAT
[ [
[ | [ |
DIFFERENTIAL DIFFERENTIAL UNIQUE WORD | |CONVOLUTIONAL
INSIDE FEC OUTSIDE FEC DETECTION METRIC ERROR
CODEC CODEC TECHNIQUE TECHNIQUE

FIGURE 2.4.11-1: LIST OF PHASE-AMBIGUITY RESOLUTION TECHNIQUES
LEGEND:

CODEC: Encoder and Decoder Pair
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24.11

ANNEX TO RECOMMENDATION (Continued)

TABLE 2.4.11-1: RELATIONSHIPS BETWEEN THE TRANSMITTED AND RECEIVED DATA

CARRIER RECEIVED DATA
PHASE ERROR
(DEGREES) Ir Qr
0 I Qr
90 -Qr I
180 It -Qr
270 Qr -t

NOTE:

1. The negative sign indicates the complement of the data.
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24.11

PREFERREDAVAILABLE BIT ERROR RATE ADVANTAGES &
TECHNIQUES (BER) DEGRADATION DISADVANTAGE
—EECLEES LU oDl
UNIQUE WORD DETECTION NEGHIGIBLENONE - INCREASE EARTH STATION COMPLEXITY
—RlCREAS E R AR DA

DIFFERENTIAL COBING-DATA

(FEC)

INCREASES BY APPROXIMATELY
A FACTOR OF TWO

- SIMPLE TO IMPLEMENT

- CAN CAUSE DEGRADATION IN THE
DETECTION OF THE TRANSMITTED
SYNC MARKERS

DIFFERENTIAL COBING-DATA

FEC ENCODER AND DECODER PAIR
(CODEC)

BIT-SNR-DEGRADATION-{S-ABOUT
3 dB FOR CONVOLUTIONAL
CODEWITHR=%,K=7

- PROVIDES QUICK PHASE AMBIGUITY
RESOLUTION
- REQUIRES OVERPOWERED LINK

DIFFERENTIAL CODING DATA NEGLIGIBLESMALL - REQUIRES RELATIVELY LONG TIME TO
FORMATTING OUTSIDE — RESOLVE THE PHASE
THE FEC CODEC AMBIGUIFYDIFFERENTIAL DECODERS AT
THE STATION
~REQUIRES LESS BANDWIDTH
—~REQUIRES RELATIVELY LONG TIME
THRESHOLD DECODER NEGLIGIBLE _TO RESOLVE THE PHASE AMBIGUITY
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© ot sroup ey messrement oot he link and oyl ranging e, exlusive of
(@ thatthe sroupdelay messnement v ofhe freueney tnsaion eipment anbekept s o

(e) that other factors affecting group delay measurement error can reasonably be kept as low as 3
nanoseconds;
(H) that these measurement error contributions are largely independent, and the total error formed

(@ that for navigation purposes, 2 meter range accuracy (1-0) is sufficient for most Category B
(h) that a ground station group delay variation of no more than 7 nanoseconds is consistent with 2



CCSDS RECOMMENDATIONS FOR RADIO FREQUENCY AND MODULATION SYSTEMS

Earth Stations and Spacecraft

2.6.12 SPACECRAFT TRANSPONDER IF AND AGC AMPLIFIER BANDWIDTHS
FOR COHERENT OPERATION
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